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aust be subjected to a squeezing actig
cOmparable to that caused by the moye-
ménts characteristic of a nonswimmer./It
muSt be shown that the buoyancy of Ahe
device is at least equal to the value specified
in payagraph 5.0.1 after testing for-at l¢ast 8
hoursd, except that the test may be discon-
tinued in less than 8 hours if the bugyancy
measukements taken at 4 successjve 30-
minute\intervals show that the buoyancy of
the device has stabilized at a value/at least
equal to\ the value specified in DA agraph
5.0.1. : :

7.0.2 Skit spray testing. All mefallic oper-
ating party must be placed in a " enclosed
chamber akd sprayed with an atbmized salt
solution fon a period of 24 houis. The solu-
tion must bk atomized in the ghamber at a
rate of three\quarts per 10 feet of chamber
volume per 2M-hour period. At the end of
the test peridd, it must be/ demonstrated
that the parts qperate propeyly.

7.0.3 Test for\fire protectjon of materials.
Materials used i} flotation/devices that are
to be used as pirt of anf aircraft seat or
berth must comply with the self-extinguish-
ing fire protection\ provigions of § 25.853(h)
of Part 25 of this chapter. In all other appli-
cations, the materidls ii the flotation de-
vices must be tested accordance with
paragraph 6.0.2 of this standard to substan-
tiate adequate flame rgsistant properties.

7.0.4 Extreme tempprature testing. Tests
must be performed to/ demonstrate that the
device is operable thfoughout the tempera-
ture range specified/ in paragraph 5.0.3.
performing these tgsts, preconditionin|
test specimens mypst be\ accomplish
stimulate conditig of ediate use
the device followipg an airdraft takeoff. -

NoTe: An acceptable procédure for precon-
ditioning may igvolve storake of the device
for 8 hours at/ the extremg temperatures
specified, follgwed by expdsure to room
temperature conditions for a period of time
not to exceed/10 minutes.

[{Amdt. 87-8/ 31 FR 12942, Oc}. 5, 1966, as
amended by/Doc. No. 8084, 32 FR 5769, Apr.

11, 1967; Amdt. 37-25, 37 FR 3974, Feb. 24,
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§37.179 Ptatic electrical power inverter—
TSO-L73.

(a) Agplicability. Minimum Rerform-
ance sthndards are hereby established
for airborne static electrical power in-
verter/ equipment which is to be used
on Urited States civil aircraft erigaged
in aif carrier operations. New models
of afrborne static electrical poweéy in-
vertér equipment manufactured on or
aftér the effective date of this sectjon
shill meet the standards specified\in
Federal Aviation Agency Standarg,

Title 14—Aeronavtics and Space &

MAirborne Static Electrical Powe In-
vexter”, dated July 25, 1963.' - o

(N Marking. In addition the
markjng requirements of § 7.7(d),
each %tatic inverter shall be/marked
with the following:

(1) Rited terminal volt
cy, and

(2) Rateéd power in volt gmperes;

(3) Outp¥t load power factor; and

(4) Maxim operatidg altitude.

(¢) Data rexuirementé. In addition to

agg, frequen-

‘the data required by /4 37.5, the manu-

h to the Chief,

facturer shall \fur
Bole Manufacturing

Engineering
Branch, - Flight
Federal . Aviatio

is located, tWe follgwing technical
data: : -

(1) Six copies of the manufacturer’s
operating jhstruction any the equip-
ment limjtations. Installdtion proce-
( ith applicable schematic draw-
ings, wifing diagrams, and pecifica-

dicate any restrictions\pr con-
¢ pertinent to installation, {¥nd

(2)/One copy of the manufactiyer’s
test/report.
[Dbc. No. 5065, 29 FR 15317, Nov. 17, 1904,
ay amended by Doc. No. 8084, 32 FR 5768
Apr. 11, 19671

§ 37.180 Airborne ATC transponder equip-
ment—TS0-C74c.

(a) Applicability. This technical
standard order prescribes the mini-
mum performance standards which
airborne ATC transponder equipment
must meet in order to be identified
with the applicable TSO marking. New
models of such equipment that are to
be so identified and that are manufac-
tured on or after January 26, 1973,
must meet the following performance
and environmental standards:

(1) Performance standaids. (i)
Equipment marked as Class 1A must
be equipment intended for installation
in aircraft that operate .at altitudes
above 15,000 feet and must meet the
minimum performance standards of
“PFederal Aviation Standard, Airborne
ATC Transponder Equipment,” set

1Copies may be obtained upon request ad-
dressed to Library Services Division, HQ-
630, Federal Aviation Administration, Wash-
ington, D.C. 20553.

Standards Division,
{ \Administration, in -
the region in which\the manufacturer .

.~ Chapter 1—Federal Aviation Administration

forth at the end of this section, as ap-
plicable.

(ii) Equipment marked as Class 1B
must be equipment intended for in-
stallation in aircraft that operate at
altitudes not exceeding 15,000 feet and
must meet the minimum performance
standards of ‘‘Federal Aviation Stand-
ard, - Airborne .ATC Transponder
Equipment,” -set forth at the end of
this section, as applicable.

(iii) Equipment marked as Class 2A
must be equipment intended for in-
stallation in aircraft that operate at
altitudes above 15,000 feet and inust
meet the minimum performance
standards set forth in Section II of
Part Two in Radio Technical Commis-
sion for Aeronautics Document No.
DO-144 entitled ‘“Minimum  Oper-
ational Characteristics—A.rborne ATC
Transponder Systems,” dated March
12, 1970, and Change No. 1 to DO-144,
Paper 232-70/EC-643, dated November
5, 1970, as applicable, except as pro-
M.Eaa in paragraph (a)}2) of this sec-
ion.

(iv) Equipment marked as Class 2B
must be equipment intended for in-
stallation in aircraft that operate at
altitudes not exceeding 15,000 feet and
must meet the minimum performance
standards set forth in Section II of
Part Two in Radio Technical Commis-
sion for Aeronautics Document No.
DO-144 entitled, ‘“Minimum Oper-
ational Characteristics—Airborne ATC
Transponder Systems,” dated March
12, 1970, and Change No. 1 to DO-144,
Paper 232-70/EC-643, dated November
m“ 1970, as applicable, except as pro-
M.Emm in paragraph (a)X2) of this sec-
ion. .

A.nv Ezxceptions. (i) In lieu of the re-
quirements in subparagraph II A.8.c.
of Part Two in RTCA Document DO-
144, the reply characteristics apply
over a received signal amplitude range
between minimum triggering level and
a level of —21 dbm.

(ii) The requirement specified in
subparagraph II A.9.a. of Part Two in
RTCA Document DO-144 need not be
complied with.

(iii) The requirements of subpara-
graph II A.16.b. (2) and (3) of Part
Two of RTCA Document DO-144, in
so far as, they pertain to pressure alti-
tude information pulses, must be com-
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plied with only if complete altitude re-
porting capability is provided.

(iv) The requirements of subpara-
graph IT A.16.b (4), (5), and (6) of Part
Two of RCTA Document DO-144 must
be complied with only if complete alti-
tude reporting capability is provided.

(3) Environmental standards. RTCA
Document No. DO-138 entitled “Envi-
ronmental Conditions and Test Proce-
dures for Airborne Electronic/Electri-
cal Equipment and Instruments,”
dated June 27, 1968, must be used in
determining the environmental condi-.
tions over which the equipment has
been designed to operate. Classes 2A
and 2B equipment need only be tested
for the environmental conditions of
temperature and altitude, humidity,
shock, vibration, and power input volt-
age set forth in paragraphs 4.0, 5.0,
6.0, 7.0, and 9.0 of DO-138.

(b) Availability of documents. RTCA
Document Nos. DO-138, dated June
27, 1968, and DO-144, dated March 12,
1970, as amended by Change No. 1
(Paper 232-70/EC-643), dated Novem-
ber 5, 1970, are incorporated herein in
accordance with 5 U.S.C. 552(a)(1) and
§ 37.23 of the Federal Aviation Regula-
tions and are available as indicated in
§ 37.23. Additionally, RTCA Docu-
ments Nos. DO-138 and DO-144, as
amended, may be examined at any
m.g regional office of the Chief of
Engineering and Manufacturing
Branch (or in the case of the Western
Region, the Chief, Aircraft Engineer-
ing Division) and may be obtained
from the RTCA Secretariat, Suite 655,
1717 H Street NW., Washington, DC
20006, at a cost of $8 per copy for Doc-
ument No. DO-138 and $6 per copy for
Document No. DO-144.

(¢) Marking. In addition to the
markings specified in § 37.7, the equip-
ment must meet the following require-
ments: :

(1) The environmental categories
over which it has been designed to op-
erate as set forth in Appendix B of

RTCA Document No. DO-138 must be
permanently and legibly marked on
the equipment. Where an environmen-
tal test procedure is not applicable and
the test is not conducted, an “X”
should be placed in the space assigned
for that category. ;

ong
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(2) The class which the equipment
meets must be permanentiy and HmmL
ibly marked on the equipment. Equip-
ment which meets the requirements of
more than ‘one class need only be
marked with the class which contains
the more severe requirements. When
listed in order of severity of require-
ments, highest first, the classes are:
1A, 1B, 24, and 2B. ’

(3) Each separate component of
equipment (antenns, receiver-trans-
mitter; etc.) must be permanently and
legibly marked with at least the name
of the 'manufacturer, the TSO
number, and the environmental cate-
gories over which it is designed to op-
erate.

(d) Data requirements. (1) In accord-
ance with §37.5, the manufacturer
must furnish to the Chief, Engineer-
ing and Manufacturing Branch, Flight
Standards Division (or in the case of
the Western Region, the Chief, Air-
craft Engineering Division), Federal
Aviation Administration, in the region
in which the manufacturer is located,
one copy of the following technical
data: :

(i) Manufacturer’s operating instruc-
tions and equipment limitations.

(ii) 1nstallation procedures with ap-
plicable schematic diagrams, wiring
diagrams, and specifications. Indicate
any limitations, restrictions, or other
conditions pertinent to the installa-
tion.

(ii) Manufacturer’s test report(s).

(iv) Equipment data sheets specify-
ing, within the prescribed range of en-
vironmental conditions, the actual per-
formance of equipment of that type
with respect to each performance
factor prescribed in the applicable
standard. Performance data for abnor-
mal environmental ceonditions may
also be included.

(2) One copy of the technical data
specified in paragraphs (d)X1) (), D),
and (iv) of this section must-be fur-
nished with each article.-

(e) Previously approved equipment.
Airborne ATC Transponder Equip-
ment ‘approved prior to the effective
date of this section may continue to be
manufactured under the provisions of
its original approval.

Title 14—Aeronautics and Spai

[Doc. No. 10955, 37 FR 28498, Dec. 27, 19728
38 FR 3587, Feb. 8, 1973; 38 FR 4660, Fel
20, 1973] o ,

FEDERAL AVIATION STANDARD

omply with paragraph a, the random trig-
sgering rate (squitter) must not be greater
@:than five reply pulse groups or suppressions
tper second averaged over.a period of at least
0:seconds.
The variation of the minimum trigger-
ng level between modes must not exceed 1
or nominal pulse spacings and pulse
ths.
.d.. The reply characteristics apply over a
eived signal amplitude range between
minimum triggering level and 50 db above
at level.
se. The standarcs of this section assume a
ansmission line loss of 3 db and an anten-
a: performance equivalent to that of a
simple quarter wave antenna. In the event
hat these assumed conditions do not apply,
je-equipment must be adjusted as neces-
sary to provide a sensitivity equivalent to
hat specified.
2.3 Spurious responses. All spurious re-
ponses, including response to image fre-
uencies, must be such that the response to
uch signals is at least 60 db down from the
normal sensitivity of the receiver.
2.4 Interrogation. The equipment must
ccept and reply to interrogations on at
deast Modes 3/A and C.

:NoTE: Interrogation Modes B and D as de-
fined in Figure 1 have been agreed upon in-
fernationally and their use may be specified

or certain flight operations. These modes
gnay be provided as optional features on
transponder equipment.

2.5 Side-lobe suppression. The equipment
ust provide side-lobe suppression.
2.6 Decoding performance. a. Conditions
er which transponder must reply. When
selected to reply to a particular interroga-
r.dion mode, and with a signal amplitude
range from the minimum triggering level to
.50 db above that level, the transponder
must reply to at least 90 percent of the in-
derrogations when ail of the following condi-
jons are met: .
(1) Either the received amplitude of P, is
in excess of a levei of 9 db above the re-
i iceived amplitude of P, or no pulse is re-
& .ceived 2+0.7 microsecond following P..
(2) The received amplitude of P, is in
excess of a level 1 db below the received am-
plitude of P, but no greater than 3 db above
e received amplitude of P,.
) The received amplitude of a proper in-
siterrogation is more than 10 db above the re-
ficeived amplitude of random pulses where
Ebthe latter are not recognized by the tran-
onder as P,, P, or P;.
. Conditions under which transponder
iust not reply. Over the signal amplitude
from the minimum triggering level to 50 db
above this level, the transponder must not
y to more than 10 percent of the inter-
ations under either of the following con-

- ATRBORNE ATC TRANSPONDER EQUIPMENT t

1.0 General standards—1.1 Operation o,
controls. The design of the equipment Mus
be such that the controls intended for usés
during flight cannot be operated in any pos%
sible position combination, or sequence thalf
would result in a condition detramental. to3
to the continued performance of the equip
ment. Controls that, are not normally adg
justed in flight must not be readily access
ble in flight. .

1.2 Operating controls. In addition -
such other operatiag controls as are neces-y
sary, controls mus. be provided to accom=g
plish the following iunctions:

a. Selection of reply codes. .

b. Selection of ‘‘standby’’ condition.

¢. Selection of Modes 3/A and C comy
bined. s

d. Activation of identification feature.

e. Removal of all information pulses G
the Mode C reply. : .

L3 Effects of test. Unless otherwisé:
stated, the design of the equipment must be
such that the application of the specified
tests produces no discernible condition that;
would be detrimental Lo the continued per;’3
formance of equipment manufactured in a¢
cordance with such design. :

2.0 Minimum performance standards
under standard conditions. The test condi
tions and definitions of terms applicable t3:
& determination of the performance of air
borne ATC transponder equipment are .se

forth in Appendix A. 4

9.1 Receiver operating frequency ant
bandwidth. a. The receiver nominal cente
frequency must be 1030 MHz,

b. With an input signal level 3' db abové
the minimum triggering level, the receiv
bandwidth must be such that the receiver
accepls pulses as outlined in Appendix Al
with an interrogation center frequency dr
of +0.2MHz.

¢. The skirt bandwidth must be such tha
the sensitivity of the receiver is at least 68
db down at +25 Mc and beyond. .

9.9 Receiver seasitivity and dynam
range. a. The minimum triggering levi
(MTL) of the transponder must be suchi
that replies are generated to 80 percent of:
the interrogation signals when— 9

1. The two pulses P, and P, consititutin
an interrogation are of equal amplitude and,
P, is not detected; and . H

2. The amplitude of these signals received;
at the antenna end of the transmission ling,
of the transponder is nominally 71 db bel
1 milliwatt with limits between 69 and 77
below 1 milliwatt. ‘
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(1) The interval between interrogation
pulse P, and P, differs from the specified
spacing for the particular mode setting by
more than +1.0 microsecond. :

(2) The interrogations consist of single
pulses. However, this does not apply to
those combinations of single pulses that
occur at the selected interrogation spacing
or to single pulses that have amplitude vari-
ations approximating 2 normal interroga-
tion condition. L .

c.-Side-lobe suppression. The transponder
must be suppressed for a period of 35+10
microseconds following receipt of a pulse
pair of proper spacing and amplitude indica-
tive of side-lobe interrogation. This suppres-
sion action must be capable of being reini-
tiated for the full ¢uration within 2 microse-
conds after the end of any suppression
period. The transponder must be suppressed
with a 99 percent efficiency over a received
signal amplitude range between 3 db above
minimum triggering level and 50 db above
that level and upon receipt of properly
spaced interrogations when the received am-
plitude of P: is equal to or in excess of the
received amplitude of P, and spaced
2.0+0.15 microsecond from P,.

2.7 Transponder discrimination and de-
sensitization—a. Pulse width discrimina-
tion. Received signals of amplitude between
minimum triggering level and at least 6 db
above this level, and of a duration less than
0.3 microsecond, must not cause the tran-
sponder to initiate more than 10 percent
reply or suppression action. With the excep-
tion of pulses having amplitude variations
approximating a normal interrogation or
suppression pulse pair condition, any pulse
of a duration more than 1.5 microseconds
must not cause the transponder to initiate
reply or suppression action over the signal
amplitude range from the minimum trigger-
ing level to 50 db above that level.

b. Echo suppression and recovery—(1)
Echo suppression desensitizalion. Upon re-
ceipt of any pulse more than 0.7 microse-
cond in duration (desensitization pulse), the
receiver must be desensitized by an amount
that is within at least 9 db of the amplitude
of the desensitizing pulse but must at no
time exceed the amplitude of the desensitiz-
ing pulse except for overshoot during the
first microsecond following the desensitizing
pulse.

(2) Recovery. Following desensitization,
the receiver must recover sensitivity (within
3 db of minimum triggering level) within 15
microseconds after reception of a desensitiz-
ing pulse having a signal strength up to 50

db above minimum triggering level. Recov-
ery must be nominally linear at an average
rate not exceeding 3.5 db per microsecond.

(3) Narrow pulses. Single pulses of dura-
tion less than 0.7 microsecond must not
cause desensitization of duration or amount

onn
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greater than that permitted in subpara-
graphs (1) or (2),

c. Dead ‘time. (1) After reception of a
proper interrogation, the transponder must
reply to-no other interrogation for the dura-
tion of the reply pulse train. This dead time
must -end no later than 125 microseconds
after theé transmission’of- the -last reply
pulse of the group. B L

(2) The dead time of the transponder cre-
ated by means other than normal interroga-
tions.shall not exceed a period of more than
2,500 microseconds duration at a maximum
duty cycle of 4.5 percent. owe e

d. Reply rate control. A sensitivity-reduc-
tion type reply rate control must be pro-
vided. The range of this control must permit
adjustment of the reply rate to any -value
between 500 replies per second and the
maximum rate of which the transponder is
capable, or 2,000 replies per second, which-
ever -is the lesser, without regard to the
number of pulses in each reply. Sensitivity
reduction in excess of 3 Ab must not take
effect until 90 percent of the selected reply
rate is exceeded. The sensitivity must be re-
duced by at least 30 db when the rate ex-
ceeds the selected value by 50 percent. The
reply rate limit must be set at 1,200 replies
per second, or the maximum value below
1,200 replies per second of which the iran-
sponder is capable.

2.8 Transponder reply rate capability. a.

For equipment intended for installation in
aircraft that operate at altitudes above
15,000 feet, the reply rate capability must
be at least 1,200 reply groups per second for
a 15-pulse coded reply.
. b. For equipment intended for installation
in aircraft that operate at altitudes not ex-
ceeding 15,000 feet, the reply rate capability
must be at least 1,000 reply groups per
second for a 15 pulse coded reply.

2.9 Transponder reply code capability.
Transponders must provide the following
code capability: o

a. Framing pulses (see par. 2.13a.).

b. Information pulses in all combinations
of the A, B, C, and D subscript groups, to

create 4096 codes (see par. 2.13b.).

c. Special position identification pulse
(SPI) (see par. 2.13c.).

2.10 Reply transmission frequency. The
center frequency of the reply transmission
must be 1090+3MHz, :

2.11 Transmitter power output. a. For
equipment intended for instaliation in air-
craft craft which operate at altitudes above
15,000 feet, the peak pulse power available
at the antenna end of the transmission line
of the transponder must be at least 21 db
and not more than 27 db above 1 watt at
any reply rate up to 1,200 per second for a
15-pulse coded reply.

. b. For equipment intended for installation
in aircraft which operate at altitudes not
exceeding 15,000 feet, the peak pulse power

Title 14—Aeronautics and Space

available at the antenna end of the trans-

mission line of the transponder must be at:
least 18.5 db and not more than 27 db above

1 watt at any reply rate up to 1,200 pe
second for a 15-pulse coded reply. ¢

c. The standards of this section assume & 3
transmission line loss of 3 db and an anten- 3
na performance equivalent to that of & 3
simple quarter wave antenna. In the event -

that these assumed conditions do not apply,

the equipment must be -adjusted as neces- 3
sary to provide a transmitier power output

equivalent to that specified. v
. 212 Reply delay and jitter. a. The time
delay between the arrival, at the transpon-
der input, of the leading edge of P, and the

transmission of the leading edge of the first -

pulse of the reply must be 3+0.5 microse-
conds. .

b. The jitter of the reply pulse code group
with respect to P, must not exceed +0.1 mi-
crosecond for receiver input levels between
w E.wa 50 db above the minimum triggering
evel. '

c. Delay variations between modes on
which the transponder is capable of reply-
ing must not exceed 0.2 microsecond.

2.13 Reply transmission pulse character-
istics—a. Framing pulses. The reply func-
tion must employ a signal comprising two
framing pulses spaced 20.3 microseconds
measured leading-edge to leading-edge at
Uw.wh-co_gwm points, as the most elementary
code.

b. Information pulses. Information pulses
spaced at intervals of 1.45 microseconds
measured leading-edge to leading-edge at
the half-voltage points with the first pulse
positioned 1.45 microseconds after the first
framing pulse must be provided. The desig-
nation of these pulses and their position
with respect to the first framing pulse is as
follows:

Pulse
(microseconds)

8.70
10.15
11.60
13.05
14.50
15.95
17.40
18.85

DJ’DI!D!X>’)?')>’)§
o
@
o

'The X pulse is referenced here for possible
future use.

Note: Details and nomenclature of the
transponder reply pulse codes are set forth
in Appendix A.

c. Special position identification pulse
(SPI). In addition to the information pulses
provided, a special position identification
pulse, which may be used with any of the

other information pulses upon request,
miust:be provided at a spacing 4.356 microse-
onds following the last framing pulse.
When replying to any mode of interrogation
“.to which the transponder is capable, except
" Mode C, the selection of the SPI pulse must

- .bé initiated by an IDENT switch. Upon acti-
E: sation of the IDENT switch, the SPI pulse
-must be transmitted for a period between 15

and 30 seconds and must be repeatable at

£ mny time.
Y. 8fd. Reply pulse shape. All reply pulses and

SPI pulses must be 0.45+0.10 microsecond

i cin-duration and have rise times of from 0.05

6 0.1 microsecond and decay times of from

.w 40:05 to 0.2 microsecond. The pulse ampli-

:tiide variation of one pulse with respect to
any other pulse in a reply train must not
«exceed 1 db. The rise and decay time may be
Jless providing the sideband radiation is no
igreater than that which would be produced
.theoretically by a trapezoidal wave having
the stated rise and decay time

e. Reply pulse spacing tlolerances. The
pulse spacing tolerances for each pulse (in-
cluding the last framing pulse) with respect
to the first framing pulse of the reply group
must be +0.10 microsecond. The pulse spac-
ing tolerance of the special position identifi-
cation pulse with respect to the last framing
pulse of the reply group must be +0.10 mi-
crosecond. The pulse spacing tolerance of
any pulse in the reply group with respect to
any. other pulse (except the first framing
pulse) must be no more than +0.15 microse-
cond.

2.14 Pressure-altitude transmission. The
equipment . must have the capability for
automatic pressure-altitude transmission in
100-foot increments ou Mode C when oper-
ated in conjunction with a pressure-altitude
encoder (digitizer). The equipment must be
capable of automatic reply to Mode C inter-
rogations with combinations of information
pulses coded in binary form in 100-foot in-
crements necessary for the equipment to op-

- erate up to desigr: maximum altitude. The

.. transponder must be provided with a means
-to.remove the information pulses from the

- Mode C reply when requested by Air Traffic
€ontrol. The .transponder must continue
transmitting the framing pulses on Mode C
when the information pulses have been re-
moved or are not provided. Automatic pres-
sure altitude transmission codes ‘pulse posi-
tion assignment are set forth in figure 2.

2.15 Self test and monitor. If a self test
feature or monitor is provided, the devices
that radiate test;interrogation signals, or
prevent anu.:muoanmmn reply to proper interro-
gation during the ‘test period, must be limit-
ed to intermittent use which is no longer
than that requiréd to determine the tran-
sponder status. The test interrogation rate
must not exceed 450 per second and the in-
terrogation signal level at the antenna end

hapter |—Federal Aviation Administration
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of the transmission line must not exceed a
level of —40 dbm.

2.16 . Antenna. The equipment antenna
radiation pattern must be predominantly
vertically polarized and be essentially omni-
directional in the horizontal plane with a
nominal vertical beamwidth of at least +30°
from the horizontal plane. The voltage
standing wave ratio (VSWR) produced on
the antenna transmission line by the anten-
na must not exceed 1.5:1 when operating on
the radiofrequencies of 1030 and 1090 MHZ.

2.17 Interference suppression pulse re-
sponse. If the equipment is designed to
accept and respond to suppression pulses
from other electronic equipment in the air-
craft (to disable it while the other equip-
ment is transmitting), the equipment must
regain normal sensitivity, within 3 db, not
later than 15 microseconds after the end of
the applied suppression pulse.

2.18 Emission of spurious radiofrequency
energy. The levels of conducted and radiat-
ed spurious radiofrequency energy emitted
by the equipment must not exceed those
levels specified in Appendix A of RTCA
Document No. DO-138 entitled “Environ-

. mental Conditions and Test Procedures for

Airborne . Electronic/Electrical Equipment
and Instruments,” dated June 27, 1968.
3.0 - Minimum performance standards

.under environmental conditions. Uuless

otherwise specified, the test procedures ap-
plicable to a determination of the perform-
ance of airborne ATC transponder equip-
ment under environmental conditions are
set forth in RTCA Document No. DO-138
“Environmental Conditions and
Test Procedures for Airborne Electronic/
Electrical Equipment and Instruments,”
dated June 27, 1968.

3.1 Temperature-Altitude—a. Low tem-
perature. (1) When the equipment is sub-

. jected to this test, the standards of the fol-

Jlowing paragraphs must be met: 2.1a; 2.2,
except that at temperatures below -15° C,,
the .sensitivity must not be less than -69
.dbm.and the variation of sensitivity of the

_receiver between any mode on which it is ca-

pable of operating must be less than 2 db;
2.6a(1); 2.6b(1); 2.6c; 2.7b; 2.7c; 2.10; 2.11;
2.12, except that at temperatures below
—15° C., the delay variation between modes
on~which the transponder is capable of re-
plying. must be less than 0.4 microsecond;
2.13¢; 2.13d; and 2.13e.

. (2) Following the low temperature test,
the requirements of paragraph 2.16 must be
met.

b. High temperature. (1) When the equip-
ment is subjected to the high short-time op-
erating temperature test, the equipment
must operate electrically and mechanically.

(2) When the equipment is subjected to
the high -operating temperature test, the
standards of the following paragraphs must
be met; 2.1a; 2.2, except that at tempera.
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tures above +40° C., the sensitivity must not
be less than —69 dbm and tl.e ‘variation of
sensitivity of the receiver between any mode
on which it is capable of operating must be
less than 2 .db; 2.6a(1); 2.6b(1); 2.6c; 2.7Tb;
2.7c; 2.10; 2.11;-2.12, except that at tempera-
tures above +40° C. the delay variation be-
tween modes on which the transponder is
‘capable of replying must be less than 0.4 mi-
crosecond; 2.13¢; 2.134; and 2.13e.

(3) Following the high temperature test,
nwma requirements of paragraph 2.16 must be
met.

c. Altitude. (1) When the equipment is
subjected to this test, the standards of the
following paragraphs must be met: 2.1 a an
b; 2.10; 2.11; and 2.13d. ) :

(2) Following the altitude test, the re-
quirements of paragraph 2.16 must be met.

d. Decompression (when required).- When
the equipment is subjected to this test, the
standards of paragraphs 2.1 a and b; 2.10;
2.11; and 2.13a must be met - .

e. Overpressure (when required). when the
equipment is subjected to this test, the
standards of paragraphs 2.1 a and b; 2.10;
2.11; and 2.13a must be met. -

3.2 Humidity. After being subjected to
this test, the equipment must meet the fol-
lowing: :

a. Within 15 minutes from the time prima-
ry power is applied, the receiver sensitivity
must be within 3 db of that specified in
paragraph 2.2, the transmitter power output
must be within 3 db of that specified in
paragraph 2.11, and the requirements of
2.1a; 2.1b; and 2.10 must be met.

b. Within 4 hours from the time primary
power is applied, the standards of para-
graphs 2.1 a and b; 2.2; 2.10; 2.11; and 2.16
must be met.

3.3 Shock. a. Following the application of
the 8G shocks, the standards of the follow-
ing paragraphs must be met: 2.1a; 2.2; 2.6
a(l); 2.6¢c; 2.Tb; 2.7¢; 2.10; 2.11; 2.12; 2.13c;
2.13d; 2.13e; and 2.16. .

b. Following the application of the 15G
shocks, the equipment must have remained
in its mounting and no parts of the equip-
ment or its mounting become detached and
free of the shock test equipment. The appli-
cation of the 15G shock test may result in
damage to the equipment. Therefore, this
test may be conducted after the other. tests
are completed.

3.4 Vibration. a. When the equipment is
subjected to this test, the standards of the
following paragraphs must be met: 2.1a; 2.2;
2.6a(1); 2.6b(1); 2.6¢c; 2.7b; 2.7c; 2.10; 2.11;
2.13c; 2.13d; and 2.13e: :

b. Following the vibration- test, the re-
quirements of paragraph 2.16 must be met.

3.5 Temperature variation. a. When the
equipment 'is subjected to this test, the
standards of the following paragraphs must
be met: 2.1a; 2.2, except that at tempera-
tures below —15° C. and above +40° C., the

sensitivity must not be less than.-69 dbmg
and the variation of sensitivity of the receiv-:
er between any mode on which it is capable’

of operating must be less than 2 db; 2.6a(1’
2.6b(1); 2.6c; 2.7b;. 2.7¢; 2.10;:-2.11; 2.12,
except that at temperatures below —15°C.
and above +40° C., the delay variation bé
tween modes on which the transponder-is
capable of replying must be less than 0.4 mi-
crosecond; 2.13c; 2.13d; and 2.13e.

b. Following the temperature variatio
test, the requirement of paragraph 2.16
must be met. o .

3.8 Power input wvariation. When the I
equipment is subjected to this test, the j
standards of the following paragraphs must §
be met: 2.1a; 2.2; 2.6a(1); 2.6b(1); 2.6¢; 2.Tb; 3

2.7c; 2.10; 2.11; 2.12: 2.13¢; 2.13d; and 2.13e. .

3.7 Low voltage. a. When the primary

power voltage(s) of d.c. operated equipment
is 80 percent and wien that of a.c. operated
equipment is 87% percent of design
voltage(s), the equipment must operate elec-
trically and mechanically.
.. b. D.C. operated equipment must meet the
standards of paragraphs 2.1 a and b; 2.2;
2.10; and 2.11 within two (2) minutes upon
returning the primary power voltage(s) to
design voltage, after the gradual reduction
of the primary voltage(s) from 80 percent to
50 percent of design voltage(s).

c. The gradual reduction of the primary
power voltage(s) of d.c. operated equipment
from 50 percent to 0 percent of design
voltage(s) must produce no evidence of the
presence of fire or smoke. Paragraph 1.2
does not apply.

3.8 Conducted voltage transient. When
the equipment is subjected to this test, the
standards of paragraphs 2.1 a and b; 2.2;
2.10; and 2.11 must be met.

3.9 Conducted audiofrequency suscepti-
bility. When the equipment is subjected to
this test, the standards of paragraphs 2.1 a
and b; 2.2; 2.10; and 2.11 must be met.

3.10 Audiofrequency magnetic field sus-
ceptibility. When the equipment is subject-
ed to this test, the standards of paragraphs
2.1 a and b; 2.2; 2.10; and 2.11 must be met.

3.11 Radiofrequency susceptibility (radi-
ated and conducted). When the equipment
is subjected to this test, the standards of
paragraphs 2.1 a and b; 2.2b; 2.10; and 2.11
must be met.

3.12 Ezxplosion (when required). When
the equipment is subjected to this test, the
equipment must cause no detonation of the
explosive mixture within the test chamber.

3.13 Walerproofness (drip proof) lest
(when required). After subjection to this
test, the standards of paragraphs 2.1; 2.2;
2.10; 2.11; and 2.13a must be met.

3.14 Huydraulic fluid test (when required).
After subjection to this test, the standards
of paragraphs 2.1; 2.2; 2.10; 2.11 and 2.13a
must be met.

3.15 Sand and dust test (when required).

After subjection to this test, the standards
of paragraphs 2.1; 2.2; 2.10; 2.11; and 2.13a
;- must be met. :

3.16 Fungus resistance test (when re-
quired). After subjection to this test, the

standards of paragraphs: 2.1; 2.2; 2.10; 2.11;

and 2.13a must be met.
3.17 Salt spray test. {(when required).

After subjection to this test, the standards

of paragraphs 2.1; 2.2; 2.10; 2.11; and 2.13a

must be met..

APPENDIX A

1.0 Test conditions. The following defini-
tions of terms and conditions of test are ap-
plicable to the ATC transponder equipment.

a. Power input voltage—Direct current.

Unless otherwise specified, when the equip-
ment is designed for operation from a direct
current power source, all measurements
must be conducted with the’ power input -
voltage adjusted to 13.75 volts, +2 percent .
for 12-14 volt equipment, or to 27.5 volts,
+2 percent for 24-28 volt equipment. The
input voltage must be measured at the
equipment power input terminals.
" b. Power input voltage—Aliernaling cur-
rent. Unless otherwise specified, when the
equipment is designed for operation from an
alternating current power source, all tests
must be conducted with the power input
voltage adjusted to design voltage +2 per-
cent. In the case of equipment designed for
operation from a power source of essentially
constant frequency (e.g., 400 Hz), the input
frequency must be adjusted to design +2
percent. In the case of equipment designed
for operation from a power source of vari-
able frequency (e.g. 350 to 1000 Hz), tests
must be conducted with the input frequency
adjusted to within 5 percent of a selected
frequency within the range for which the
equipment is designed.

c. Adjustment of equipment. The circuits
of the equipment under test must be proper-
ly aligned and otherwise adjusted in accord-
ance with the manufacturer’s recommended
practices prior to the application of the
specified tests. .

d. Test instrument precautions. Due pre-
cautions must be taken during the conduct
of the tests to prevent the introduction of
errors resulting from the improper connec-
tion of headphones, voltmeters, oscillos-
copes, and other test insiruments across the
input and output impedances of the equip-
ment under test. )

e. Ambient conditions. Unless otherwise
specified, all tests must be conducted under
conditions of ambient room temperature,
pressure and humidity. However, the room
temperature must not be lower than 10° C.

f. Warm-up period. Unless otherwise speci-
fied, all tests must be conducted after a

warm-up period of not less than fifteen (15)
minutes.
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g. Connected load. Unless otherwise speci-
fied, all tests must be performed with the
equipment connected to loads having the
impedance value for which it is-designed.

h. Interrogation test signal. The charac-
teristics of the interrogation test signal are:

Radiofrequency. The frequency of the
signal generator oscillator must be 1030
MHz +0.01 percent.

CW output. CW output between pulses
must be at least 60 db below the peak level
of the pulses. '

Interrogations. The interrogation must
consist of two transmitted pulses designated
P, and P,.When providing side-lobe suppres-
sion the basic interrogation is supplemented
by pulse P, transmitted after P,. The ampli-
tude of P; must not. be more than 1 db below
the radiated amplitude of P..

Pulse coding. The interval, measured lead-
ing-edge, to leading-edge at half voltage

:points, between P, and P, is as follows:

. 8+0.2 microseconds.

. 17:0.2 microseconds.
. 210.2 microseconds.
. 25%0.2 microseconds.

The interval between P, and P. when P; is
used, must be 2.0+0.15 microseconds.

Pulse shape. The pulse envelope as detect-
ed by a linear detector must have a shape
falling within the following limits:

(1) Pulse rise time. The time required for
the leading edge of pulses P,, P, and P; to
rise from 10 to 90 percent of its maximum
voltage amplitude must be between 0.05 and
0.1 microsecond.

(2) Pulse fall time. The time required for
the trailing edge of pulses Py, Py, and P, to
fall from 90 to 10 percent of its maximum
voltage amplitude must be between 0.05 and
0.2 microsecond.

(3) Pulse duration. The duration of pulse
P,, P., and P, must be 0.8+0.1 microsecond
measured at the half-voltage points.

i, Code nomenclature. The code designa-
tions consist of four digits each of which lies
between 0 and 7, inclusive, and consist of
the sum of the numerical subscripts of the
pulse employed as follows:

Pulse
Digit group
First A
Second B
TIHOG cverereerseessrsesenesssssssssssssssesssssessasssssssossssssassssass osssssasss c
Fourth D
Ezamples:
1. Code 3600 consists of information

pulses A,, A,, B;, B..
2. Code 2057 consists of A;, Ci, Ci, Dy, Ds,

D,.

j. Minimum triggering level (MTL). Means
the lowest level of signal to which the tran-
sponder will reply to 90 percent of the re-
ceived interrogations.
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